ABSTRACT In-vitro experiments using 203Pb were performed to identify lead-binding components in human haemoglobin. Sephadex Many studies have shown that lead inhibits haem and globin synthesis in vitro and in vivo.' By contrast, the distribution of lead in the red cell has received little attention. In blood the lead is associated mostly with erythrocytes and only a small amount is found in plasma.2 Classic views have suggested that the most likely sites of fixation are on the cell membrane3 4 but, recently, it has been shown that lead is bound to the cell constituents rather than to the stromal membrane.5 It was later shown that the binding of lead to the erythrocyte was not confined to cell membranes but that over 80% of lead in the blood penetrated into the erythrocyte and was bound to intracellular components.2 Gel chromatography of haemolysate has shown that 90% of a dose of 203Pb was attached to the haemoglobin molecule.6 Study of the lead distribution with 210Pb showed that lead was attached to haemoglobin A (Hb A) and to haemoglobin A2 (Hb A2)7while in babieswith severe lead intoxication, "lead-haemoglobin" has been reported.8 We describe the use of different approaches to the study of the interaction of lead with haemoglobin of human erythrocytes in vitro.
infants, the haemoglobin of fetal origin, Hb F (at2 Y2) showed a much greater affinity for 203Pb than the adult haemoglobin Hb A ((X2 /2), obtained from maternal blood. Analysis of the 203Pb-labelled haemoglobin suggested that about 82 % of 203Pb was in the globin polypeptide. Further analysis with carboxylmethyl (CM) cellulose chromatography indicated that the y globin of fetal origin had a higher affinity for 203Pb than the 18 globin, whereas at globin appeared to be unimportant in lead binding. The results of the different affinities for lead of different Hb types are discussed with regard to the effect of lead upon haemoglobin synthesis.
Many studies have shown that lead inhibits haem and globin synthesis in vitro and in vivo.' By contrast, the distribution of lead in the red cell has received little attention. In blood the lead is associated mostly with erythrocytes and only a small amount is found in plasma.2 Classic views have suggested that the most likely sites of fixation are on the cell membrane3 4 but, recently, it has been shown that lead is bound to the cell constituents rather than to the stromal membrane.5 It was later shown that the binding of lead to the erythrocyte was not confined to cell membranes but that over 80% of lead in the blood penetrated into the erythrocyte and was bound to intracellular components.2 Gel chromatography of haemolysate has shown that 90% of a dose of 203Pb was attached to the haemoglobin molecule.6 Study of the lead distribution with 210Pb showed that lead was attached to haemoglobin A (Hb A) and to haemoglobin A2 (Hb A2)7while in babieswith severe lead intoxication, "lead-haemoglobin" has been reported. The chromatography buffers were prepared fresh each day. "Analar" urea, 8 M, was filtrated through Whatman No 3 paper after being dissolved in deionised water and used directly for making ionexchange buffer.
The optimum Na+ion-gradient for a 1 x 12 cm column of CM-23 was obtained by mixing 150 ml of 8 M urea starting buffer (0 005 M Na2HPO4, 0 05 M fl-mercaptoethanol) pH 6-8 with 150 ml of 8 M urea buffer (0-04 M Na2HPO4, 005 M ,-mercaptoethanol) also at pH 6-8. The dry protein containing 203Pb was dissolved in chromatography starting buffer to a concentration of 10-15 mg/ml. The globin was then dialysed in a Visking tube against a 50-fold excess of starting buffer for two hours before chromatography.
The dialysed aliquot was applied to the equilibrated CM-cellulose column and allowed to soak in under gravity. Washing of the column with starting buffer continued for 30 minutes or until no more colour (unbound material) was eluted. The polypeptide chains were then eluted at a flow rate of 1 ml/min by means of a linear gradient at pH 6-8. Fractions of about 3-6 ml were collected at room temperature. Radioactivity in every fraction was determined and absorbancy was assayed at 280 nm.
Results

FRACTIONATION OF ADULT HAEMOLYSATE
Winterhatler's method'0 of purifying haemoglobin allows only soluble haemoglobin to elute from the CM-50 column, any free groups not associated with haemoglobin being detained in the column. The results obtained from this process indicated that only 7 % of labelled material was detained in the column. suggesting that most of the 203Pb was eluted with the haemoglobin molecule. The CM-50 elute was concentrated and further analysed by DEAE Sephadex A-50, elution being obtained by applying a Tris-HCl gradient system to the column from pH 8-1 to 70.
The results show that the predominant type of adult haemoglobin, Hb A, was responsible for most of the lead binding (fig 1) . Some of the labelled lead, however, appeared to be attached to the Hb A2, whereas no lead was detected in the Hb Al fraction. maternal and cord haemolysate with 203Pb. Some modifications were made in the chromatographic gradient systems to achieve a fuller elution profile and four distinct but related fractions have been characterised (fig 3) . Owing to the difficulty in predetermining the haemoglobin type, purified haemoglobins were applied directly for chromatographic analysis. Unfortunately, in both sets of experiments there were more adult haemoglobins and less fetal haemoglobins. This difference of haemoglobin concentration, however, did not appear to influence the experimental conclusion. In fact this discrepancy in haemoglobin concentration has made the interpretation even more direct.
The radioactivity spectrum has indicated that most of the 203Pb corresponded to haemoglobin F. Although the adult haemoglobin, Hb A, had a higher content of protein in the fraction, it failed to bind a greater proportion of the 203Pb. Haemoglobins F1 and Hb A2, which have been shown to associate with trace amounts of 203Pb, were not associated with any radioactivity. It Mixture offetal haemoglobin with maternal haemoglobin To confirm that the fetal haemoglobin is more potent in binding lead than the adult haemoglobin, a "competition assay" was carried out. Blood was collected from the cord of new-born infants and also from their mothers. After purification the haemoglobins were mixed and incubated with 15 ,uCi of 203Pb of 203PbC12 for an hour. After dialysis for six hours, globins were isolated and extracted at -20°C in acid acetone. Three to five milligrams of labelled globin in buffer were applied to the CM column for ion-exchange chromatography. The chromatogram of this mixture is shown in fig 6 . Three distinct protein peaks were found in positions identical to the earlier experiments, corresponding to the y, /, and of chains. The abundance of peptide proteins in ax and ,B chains was attributed to the contribution by both adult and fetal haemoglobins, whereas the y chain appeared in a lesser amount as it was contained solely in the fetal haemoglobin.
The 203Pb distribution pattern has shown: (1) The y chain, although containing less globin per fraction than other chains, had incorporated most of the lead. (2) Remarkably, the 203Pb bound only slightly to the adult originated chain, the /3 globin. (3) Consistent with the earlier findings, virtually no 203Pb was detected in the ox chain.
Discussion
At the present stage, that fraction of the globin molecule with which lead is associated has not been positively identified, and therefore the stoichiometric Further examination of lead-binding haemoglobins (figs 4-6) has indicated that there are important differences in the affinity of lead for different globin chains. In the present studies 203Pb was never detected in the o globin. Therefore, it would seem that this globin is either deficient in lead receptor sites or is inferior to other globins in "competing" for the binding. The avidity of y chain for lead (figs 5 and 6) explained and confirmed the binding of lead to Hb F (figs 2 and 3). Although there were slight differences in the relative affinities for 203Pb between the y and / chains, in three duplicated experiments more 203Pb was found in the y chain than the /3 chain ( fig 6) . Thus it may be concluded that the y globin of fetal haemoglobin has a pronounced affinity for lead, at least in the case of human erythrocytes.
Lead affects the erythrocytes mainly by causing increased destruction and interference with haemoglobin synthesis. While there have been many studies on the effects of lead on haem synthesis, the effect of lead on globin synthesis has received less attention. Recently, Piddington and White'3 have described the defective synthesis of globin peptide in vitro caused by lead. A similar observation was also noted in Farkas.14 An interesting aspect of all these studies is that the o globin is relatively more affected than the: globin chain.
In two cases of acute childhood poisoning it has been shown that, in addition to a significant decrease of c4l, globin ratio, an extra globin appeared.'5 This extra globin chain resembled y globin, and apparently more 3H-leucine was incorporated into it than into the a and / chains. When the blood lead concentration fell, the "y" chain was missing concomitantly with increasing activity in of globin and / globin synthesis, the ratio of x to / globin returning to near normal. An increase of fetal type haemoglobin (Hb F) has been found in advanced stages of lead poisoning in man and in experimental animals.'617 This haemoglobinopathy has also been observed by Albahary18 in workers occupationally exposed to lead. The concentration of Hb F, however, returns to normal after exposure to lead ceases. Taniguchi et a1'9 observed that at blood concentrations of 30 ,tg/100 dl or above, the erythrocyte glutathione and ALA-D showed relatively low values, and there was a significant increase in the amount of Hb F. In the present in-vitro studies 203Pb was shown to have a high affinity for Hb F and the y globin. This observation together with the above findings raise the question of whether the increase in the synthesis of haemoglobin F (particularly y globin) acts as a protective mechanism to cope with the increase of lead in the peripheral blood. It is tempting to suggest that some kind of regulatory mechanism of globin synthesis is in operation.
In the absence of a detailed understanding of the action of lead on globin synthesis, however, it would be unwise to try to develop an overall hypothesis to relate the increase of Hb F in lead intoxication to the high affinity of lead to the haemoglobin. Nevertheless, the fact that lead is carried preferentially by y chain in haemoglobin as shown in this study coupled with the evidence as cited above, that lead may cause a reappearance of y chains, suggest intriguing possibilities for future work. 
